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year. In turn, this means that the cost of energy in the diet has also increased. The calculations in Table 1 
reveal two very important points. First, energy from basal ingredients has increased more than 4 fold in 
the past 7 years. Second, the relationship of energy cost among ingredients has also changed; whereas 
corn DDGS and wheat middlings used to be cheaper sources of energy than corn, they are actually more 
expensive now. And whereas energy from soybean meal used to be 3.9 times the cost of that in corn, it is 
now only 2.6 times more expensive. 
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 Introduction 
There has been a very large increase in feed costs in the past 5 to 7 years, 
and in particular in the past year.  In turn, this means that the cost of energy in 
the diet has also increased.  The calculations in Table 1 reveal two very 
important points.  First, energy from basal ingredients has increased more 
than 4 fold in the past 7 years.  Second, the relationship of energy cost among 
ingredients has also changed; whereas corn DDGS and wheat middlings used 
to be cheaper sources of energy than corn, they are actually more expensive 
now.  And whereas energy from soybean meal used to be 3.9 times the cost 
of that in corn, it is now only 2.6 times more expensive.   




2005 Cost 2012 Cost 
Mcal NE/kg $/tonne ¢/Mcal NE $/tonne ¢/Mcal NE 
Corn 2.67 72 2.7 328 12.3 
Soybean meal, 
46% 
2.09 220 10.5 668 32.1 
Corn DDGS 2.34 55 2.4 340 14.5 
Wheat midds 2.12 66 3.1 316 14.9 
Fat source: AV 
blend 
7.23 331 4.6 1,032 14.3 
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Between late 2011 and late 2012, the value of 1 pt in feed conversion has 
risen from about $0.30 per pig to between $0.45 and $0.50 today.  This 
substantial increase in the cost of feed, and consequentially in the cost of 
energy, and the changing relationships in the cost of energy from different 
sources means that a change in thinking is required. The mindset or 
paradigms that guided our thinking prior to 2005 may no longer apply.  Failing 
to recognize this fact could be the difference between profit and loss, success 
or failure in pork production. What might have been considered a relatively 
minor issue a year ago is now a topic of serious import, because the core 
economics and the dietary relationships have changed. 
Table 2.  Cost of formulating a growing pig diet (50 to 75 kg) to meet 
1) energy specifications only, 2) energy and amino acid specifications 













Corn 265 80.45 68.14 65.78 
Corn DDGS 260 11.18 17.66 18.3 
Wheat midds 260 6.58 - - 
Soybean meal 
– 46.5% 
460 - 12.53 12.57 
Limestone 40 1.14 1.17 1.35 
Monocalcium 
phosphate 
700 - - 0.57 
Lysine HCl 2,200 - 0.31 0.31 
Salt 80 0.65 0.19 0.38 
Vitamin/TM 
premix 
1,500 - - 0.15 
Fat – AV Blend 700 - - 0.59 
TOTAL 100 100 100 
Cost, $/tonne 260.34 291.63 297.82 
Percent of total 
cost  
87.4 97.9 100 
NB.  Grower diet formulated using Cargill Pork MAX in November 2012 using current 
regional feed ingredient prices and setting a minimum NE content of the diet of 2.30 
Mcal/kg. 
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Even without this increase in feed cost, we have paid far too little attention to 
energy in the nutrition of the pig.  Amino acids have received much more 
attention in research activity and in conference programs than has energy.  
Yet, the cost of energy in the diet is much greater than that of the nutrients, as 
illustrated in Table 2.  Using recent ingredient costs (November, 2012), 
meeting the energy specification of the diet represents more than 87% of the 
final cost of that diet.  Of course, in this analysis, meeting the energy 
specifications will provide some amino acids, vitamins and minerals; for this 
reason, one cannot say that energy represents 87+% of the cost of the diet.  
The point is that energy is a very important and expensive component of the 
diet.  With its cost rising, producers will be rewarded by understanding the 
cost of energy in the diet, how the pig uses energy, how to best supply energy 
to the pig and how feed intake is a very critical component of understanding 
energy utilization. 
 Energy supply 
The pig can obtain energy from 4 main constituents of the diet: starch, protein, 
fibre and fat (Figure 1).  Each of these is used with a different degree of 
efficiency by the pig; the efficiency will depend on biological availability of the 
energy in each dietary constituent, the efficiency with which the pig is able to 
convert absorbed energy into a form that can be used for metabolic purposes 
and the purpose for which the energy is used by the pig (Table 3). 




Fatty acids used for maintenance purposes offer little advantage in efficiency 
over amino acids or crude fat and are used with a similar efficiency as glucose 
obtained from starch.  However, when those same fatty acids are deposited in 
the body as carcass fat, there is a very substantial advantage over the other 
energy sources (Table 3). 
Table 3.  Marginal energetic efficiency of using digestible nutrients for 
generating ATP or depositing lipid 
Source Generating ATP Depositing Lipid 
 
Efficiency 
% relative to 
fatty acids 
Efficiency 
% relative to 
fatty acids 
Fatty Acids 66 100 90 100 
Glucose 68 103 74 82 
Amino 
Acids 58 88 53 59 
Crude Fat 50 76 62 69 
Source: Black, 1995, as adapted by Birkett and de Lange, 2001. 
The practical implication of this is that when designing diets for the pig, the 
source of energy chosen should be more than simply least cost formulation, 
because formulating on a DE, ME or NE basis will not take this into account.  
Yet, it speaks to the efficiency with which energy will be used by the pig. 
While least cost diet formulation will not address all of the issues related to 
energy utilization by the pig, it is absolutely clear that regular re-formulation of 
diets is critical to ensure that they are optimally balanced as energy costs 
changes.  Failing to regularly re-formulate diets when ingredient costs change 
can be a very costly mistake. 
One of the larger challenges facing the U.S. pig industry is the adoption of 
diets containing lower energy concentrations, as a means of lowering feed 
cost and maximizing net income.  Western Canada has a history of feeding 
diets that are typically 5 to 7% lower in ME content compared to diets most 
commonly used in the U.S. corn belt.  With corn becoming much more 
expensive, with the rapid movement towards the feeding of lower energy by-
products and with the reduction in fat content in DDGS, maintaining dietary 
energy concentrations at previous levels is becoming too expensive and 
therefore unsustainable. 
Feeding lower energy diets often results in slower growth rates, which means 
reducing barn throughput.  This is significant to the U.S. pork producer who 
has placed a very high value on barn turnover.  Achieving higher feed intakes 
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becomes a much more critical issue today compared to earlier times when low 
feed intake could be compensated for by simply adding more fat to the diet 
(De la Llata et al., 2001).  Those days are behind us, and if the biodiesel 
industry with its appetite for fat maintains its momentum, they are unlikely to 
return.  Feed and energy intake will be discussed in more detail below. 
 Energy Utilization 
Energy Used for Maintenance 
Energy is utilized for maintenance, for protein or lean accretion and for lipid 
(fat) accretion.  Maintenance is an important aspect of energy utilization in the 
pig.  Let us consider a typical pig weighing 70 kg and growing 860 g/d, 
accreting 138 gram of protein per day and eating 2.2. kg/d of a diet containing 
3.34 Mcal ME/kg (Patience, 2012; Table 4).  We can see that energy used for 
maintenance represents 34% of the total energy consumed by this pig, a 
portion that I suspect is much higher than many people realize.  This estimate 
is in very close agreement with that proposed by NRC (2012). 
Table 4.  How daily energy intake is partitioned among maintenance, 
protein gain and lipid gain in a 70 kg pig 
 
Gain Partitioning of ME intake  
Mcal/d % of total 
Maintenance - 2.52 34 
Protein gain 












Of course, the maintenance energy requirement, calculated in the manner 
illustrated above and expressed in ME terms, considers only the energy used 
for what is called Fasting Heat Production (FHP) or that quantity of energy 
required to maintain basal body function plus energy used for digestion and 
assimilation of food, tissue formation, waste production and fermentation 
(NRC, 2012).  In other words, it does not consider any additional energy 
required to keep warm or cool, to support an immunological challenge, or to 
deal with social stressors in the environment.  With the rising cost of energy, 
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paying attention to minimizing energy for non-productive functions becomes 
increasingly important. 
Energy Used for Gain 
The efficiency with which the pig uses available energy to deposit protein and 
fat in the body is similar.  Protein deposition is slightly more efficient than lipid 
(10.03 versus 11.65 kcal ME/g deposited (Patience, 2012), but lean accretion 
is much, much more efficient than fat due to the water associated with lean 
gain. 
Pork producers have little if any control over the efficiency with which the pig 
uses dietary energy for gain, with one major exception: the proportion of gain 
that is lean relative to fat.  With the large different in energetic efficiency, 
producing leaner pigs has great economic appeal.  However, leaner pigs may 
not be more efficient if they grow much slower; the extra time spent in the barn 
due to reduced growth rate results in increased need for maintenance energy, 
which is a direct function of time (Gutierrez and Patience, 2012).  Unless there 
is a very large premium being paid for lean carcasses, or a large penalty 
charged for lean yield falling below a minimum threshold, the advantage in 
financial returns normally goes to faster growing pigs that achieve lean 
requirements through genetic selection and proper diet formulation. 
 Energy Intake 
As mentioned above, energy intake is a very important driver of pig growth 
(Oresanya et al., 2008).  Energy concentration in the diet is an important 
component of energy intake, but ultimately, daily feed intake is the variable 
that needs to attract greater attention.  For example, there are data in the 
literature showing daily DE intakes ranging from 6.5 Mcal/d up to 10 Mcal/d 
(Beaulieu et al., 2009).  This massive difference in observed daily energy 
intake explains why large differences exist in the pig’s response to dietary 
energy concentration under practical conditions.   
Herds with pigs that have a high level of daily feed intake are most likely to 
perform well on lower energy diets, because they can maintain daily energy 
intake by simply eating more feed.  Conversely, pigs that do not have the 
capacity to increase feed intake when dietary energy concentration is lowered 
will experience a drop in growth rate.  Unfortunately, we are not in a very good 
position to identify in advance which herds will fall into which category, but this 
will become increasingly important information in the future.  Lower energy 
diets are usually less expensive, and if growth rate is not compromised, result 
in the greatest net income.  Therefore, as the industry moves forward and 
likely is forced to adopt lower energy diets, there will be a large advantage 
accruing to those herds that can maintain growth rate.  Or, there will be an 
increasing penalty in the future experienced by those herds that cannot 
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maintain growth rate when using lower energy diets.  Herds in western 
Canada have already had considerable experience in successfully feeding 
lower energy diets. 
There are a very large number of factors that can affect daily feed intake in the 
pig.  Certainly, crowding, lack of feeder access, barns that are too warm, 
inadequate access to water, poorly balanced diets and certain genotypes are 
all associated with low feed intake.  However, in my experience, one of the 
biggest factors is herd health.  Higher health pigs have bigger appetites and 
can adapt to lower energy diets more effectively than herds wrestling with a 
variety of health problems. 
 Conclusions 
• Energy from basal ingredients has increased more than 4 fold in the past 
7 years.   
•  The relationship of energy cost among ingredients has also changed; 
whereas corn DDGS and wheat middlings used to be cheaper sources of 
energy than corn, they are actually more expensive now. 
•  Between late 2011 and late 2012, the value of 1 pt in feed conversion has 
risen from about $0.30 to between $0.45 and $0.50 today. 
•  Failing to regularly re-formulate diets when ingredient costs change can 
be a very costly mistake. 
•  With the rising cost of energy, paying attention to minimizing energy for 
non-productive functions because increasingly important. 
•  The advantage in financial returns normally goes to faster growing pigs 
that achieve lean requirements through genetic selection and proper diet 
formulation. 
•  Higher health pigs have bigger appetites and can adapt to lower energy 
diets more effectively than herds wrestling with a variety of health 
problems. 
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